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SUMMARY 

An investigation has been conducted to determine the lift, drag, 

The cambered and twisted 
and pitching-moment characteristics of a cambered and twisted arrow wing 
and an uncambered and untwisted arrow wing. 
wing was designed to give a high value of maximum lift-drag ratio at a 
lift coefficient of 0.08 at a Mach number of 3.0. 
leading-edge sweep of 80°, an aspect ratio of 1.085, a taper ratio of 0, 
and a notch ratio of 0.65. A 2.5-percent stremise thickness distribu- 
tion was centered on the mean camber surface of both wings. 

Each wing had a 

Tests were conducted at Mach numbers of 2.29, 2.98, 3.96, and 4.65 
with transition fixed. The Reynolds number based on the mean aerodynamic 
chord f o r  most of the tests was 5.0 x lo6. 
number of 2.98 were made at Reynolds numbers of 12.7 x 10 6 and 16.1 X 10 6 
on the cmbered and twisted wing and 12.7 x 10 6 and 14.9 x 10 6 on the wing 
without camber and twist. 

Additional tests at a Mach 

The experimental maximum lift-drag ratio at a Mach number of 2.98 
and a Reynolds number of 5.0 x 10 6 for the cambered and twisted wing was 
7.50 and, thus, was below the theoretical estimate of 9.1. At a Mach 
number of 2.98 the cambered and twisted wing showed a 0.4 increase in 
lift-drag ratio over the wing without camber and twist. This increment 
in maximum lift-drag ratio due to camber and twist decreased with 
increasing Mach number up to a Mach number of approximately 3.68; from 
M = 3.68 to M = 4.63 the wing without camber and twist had higher 
values of lift-drag ratio than did the wing with camber and twist. 
highest value of maximum lift-drag ratio at the design Mach number was 
8.0 at a Reynolds number of 16.1 x 10 6 . 

The 

* 
Title, Unclassified. 
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With the moment reference centers at 0.474 of the qlean aerodynamic 
chord, both wings were longitudinally stable at lift coefficients below 
the design lift coefficient at all test Mach numbers except at a Mach 
number of 4.65 where the cambered and twisted wing became neutrally 
stable. 
a nonlinear change in pitching-moment coefficients developed that resulted 
in instability tendencies for both wings. 

At lift coefficients near or above the design lift coefficient, 

INTRODUCTION 

Current interest in the development of airplane configurations having 
long-range capabilities at supersonic speeds has resulted in extensive 
investigation of arrangements designed to produce high values of maximum 
lift-drag ratio. One approach to this problem has been the utilization 
of camber and twist on wings with subsonic leading edges in order to 
obtain optimum wing load distributions because of the substantial gains 
indicated by linear theory. 
been conducted to evaluate this approach (for example, refs. 1, 2, and 3 ) .  

A number of experimental investigations have 

The wing for the current tests was designed by the Theoretical 
Mechanics Division of the Langley Research Center as part of a program to 
investigate the drag-due-to-lift characteristics of cambered arrow wings 
with subsonic leading edges. In a previous investigation a cambered and 
twisted wing designed for a Mach number of 3.0 and incorporating 77' of 
leading-edge sweep was expected to give minimum induced drag at a lift 
coefficient of 0.1. 
that high negative pressures on the upper surface of -the wing induced 
supercritical velocity components normal to the leading edge. 
characteristic of arrow wing camber surfaces designed for minimum drag 
led to flow separation and shock formation, and the wing did not exhibit 
the advantages predicted by linear theory. 
herein is to employ camber and twist of such a nature as to give a minim 
theoretical induced drag consistent with the avoidance of conditions that 
lead to supercritical flow. To obtain the Mach number components n o m 1  
to the leading edge of slightly less than 1.0, the camber surface, the 
leading-edge sweep angle of 800, and the design lift coefficient of 0.08 
were selected for the current wing at the design Mach number of 3.0. A 
2.5-percent streamwise circular-arc thickness distribution was used since 
it was felt that the pressure characteristics of this section would not 
adversely affect the pressure distribution over the wing. 
and untwisted arrow wing of the same plan form and thickness was provided 
in order to compare the two wings. 

The results of that investigation (ref. 1) indicated 

This 

The design criterion used 

An uncambered 

Both wings were tested in the Langley Unitary Plan wind tunnel at 
!The Reynolds number based Mach numbers of 2.29, 2.98, 3.96, and 4.65. 

on the mean aerodynamic chord for most of the tests was 7.0 x 10 6 . 
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Additional tests at a Mach number of 2.98 were made at Reynolds numbers 
of 12.7 x 10 6 and 16.1 x lo6 on the wing with camber and twist and 
12.7 x lo6 and 14.9 x lo6 on the wing without camber and twist. 

The force- and moment-coefficient data are presented about the wind 
axes system. 
figure 1. 

E 

The reference centers and reference planes are shown in 

wing mean aerodynamic chord, 21.67 in. 

drag coefficient, Drag 
ss 
- 

Base drag base drag coefficient, 
Ci,b qs 

Lift lift coefficient, - ss CL 

Pitching moment pitching-moment coefficient, Cm qs E 

lift-curve slope, per deg 

total length of model in streamwise direction, wing apex to 

cr, 
2 

wine; tip, 50.00 in. 

L/D lift-drag ratio 

M free-stream Mach number 

P 

q 

free-stream static pressure, lb/sq ft 

free-stream dynamic pressure, 0. 7pM2, lb/sq ft 

R 

S total wing area, 1.99 sq ft 

Reynolds number based on mean aerodynamic chord 

X distance parallel to wing center line, in. 

Y distance perpendicular to wing center line, in. 
* 
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Z 

U 

Subscripts: 

C camber surface 

ordinate, measured normal to wing reference plane (table 11), in. 

angle of attack of the reference plane, deg 

2 lower surface 

m8.X maximum value 

min minimum value 

Y 

su 

L 
5 
6 
0 

U upper surface 

MODELS AND APPARATUS 

Dimensional details and photographs of the models tested are presented 
in figures 1 and 2. 
in table I. The ordinates for the cambered and twisted wing are given in 
table 11. 
This wing is called the flat wing hereinafter in the text. 
have a 2.5-percent biconvex streamwise thickness distribution. 

The geometric characteristics of the models are given 

No ordinates are given for the wing without camber and twist. 
Both wings 

A minimum center body was placed on each model to provide a balance 
housing. 
cone cylinder. 
differed somewhat from a cone cylinder as indicated in figure l(b). 

The center body for the flat wing (fig. l(a)) consisted of a 
However, the center body for the cambered and twisted wing 

Forces and moments on the model were measured by means of a six- 
component internal strain-gage balance. 
means of a sting, to the tunnel central support system. 

This balance was attached, by 

The tests were conducted in the high Mach number test section of the 
Langley Unitary Plan wind tunnel which is a variable-pressure, continuous- 
flow tunnel. The test section is 4 feet square and approximately 7 feet 
in length and is equipped with an asymmetric sliding-block-type nozzle 
which allows a continuous variation of Mach numbers from 2.29 to 4.65. 

TESTS 

The tests were conducted at the conditions indicated in the following 
table : 



L 

Mach 
number 

2.29 

2.98 

3.96 

4.65 

5 
6 

Stagnation Stagnation Dynamic 
pressure, temperature, Reynolds number pressure, 

lb/sq in. abs lb/sq ft O F  

5.0 x 106 14.6 629 150 

(based on E )  

5.0 x 10 21.0 530 150 
12.7 53.3 1,345 150 
14.9 62.5 1,578 150 
16.1 67.3 1,699 150 

5.0 x lo6 37.2 408 175 

5.0 x 10 6 50.8 318 175 

6 

- 
0 

5 

The dew-point for all tests was maintained at less than -30° F. 
angle-of-attack range was from -4O to 10' for the flat wing and from 
-12' to 4' for the cambered and twisted wing. 
all tests. 

The 

Transition was fixed for 

The transition strips consisted of bands of sand 1/32 inch wide 
applied at 5 percent of the local streamwise chord on the wing with a 
density of about 100 grains per square inch. 
0.011 inch to 0.013 inch. 

The grain height was 

In order to indicate the flow conditions on the upper surface of 
the cambered and twisted wing, a fluorescent oil was painted on the 
wing surface. 
The model was translated forward and rearward in the test section to 
obtain photographic coverage of the wing, and the resulting prints 
were assembled to form composite photographs (fig. 3). 

A description of this technique is given in reference 4. 

CORFECTIONS AND ACCURACY 

The maximum deviation of local Mach number in the part of the test 
section occupied by the model is ikO.015 from the average value given 
for the lower two Mach numbers and ikO.03 and 50.04 for the nominal 
Mach numbers of 3.96 and 4.65, respectively. The pressure gradients 
are sufficiently small so that no buoyancy correction is required. 

The average angularity of the flow in the region of the models was 
evaluated by comparing the normal-force-coefficient variation of the 
inverted and upright tests, and the angle of attack was adjusted to 
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bring differences between these tests into agreement. 
attack have also been corrected for balance-sting deflection. 

The angles of 

The data have been adjusted to the condition of free-stream static 
pressure on the base of the model center body. 

Based upon balance accuracy and repeatability of data, it is esti- 
mated that the data are accurate within t h e  following lhits: 

CL . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  +0.002 

ci . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  +0.0005 

C‘ . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  +0.0005 

cm . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  +0.0005 
D,b 

a, deg . . . . . . . . . . . . . . . . . . . . . . . . . . . .  k O . 1  

PRESENTATION OF RFISULTS 

The results of this investigation are presented in the following 
figures : 

Figure 

Variation of base drag coefficient with angle of attack . . . . . . . . . .  for various Mach numbers at R = 5.0 x lo6 4 

Variation of base drag coefficient with angle of attack . . . . . . . . . .  5 for various Reynolds numbers at M = 2.98 

. . . . . . . . . . . . . . .  Basic aerodynamic characteristics 6 
Comparison of theoretical and emerimental results at 
M = 2  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Summary of the aerodynamic characteristics . . . . . . . . . . .  
Comparison of the variation of CA,min and (L/NmaX with 
Mach number of cambered and twisted arrow wings . . . . . . .  

Effect of Reynolds number on basic aerodynamic 
characteristics at M = 2.98 . . . . . . . . . . . . . . . . .  

Variation of ~ 5 , ~ i ~  and ( L / D ) ~ ~  with Reynolds number at 
~ = 2 . 9 8  . . . . . . . . . . . . . . . . . . . . . . . . . . .  

7 

8 

9 

10 

11 

L 
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DISCUSSION 

Perf omnce 

At a Mach number of 2.98, which corresponds closely to the design 
Mach number, and at a design lift coefficient of 0.08, the cambered and 
twisted wing produced a maxinrum lift-drag ratio of 7.5 compared with 7.1 
for the flat wing (fig. 7). 
higher than the no leading-edge suction estimate of 6.8. 
cambered and twisted wing failed by a considerable margin to achieve 
the theoretical level of 9.1. 

Both wings had lift-drag ratios slightly 
However, the 

This result is reflected in a comparison - 
ac; 
aCT2  

of the drag-due-to-lift factors - (ref. ?), which were 0.340 for 
Ir 

theory as compared with 0.838 for the experiment. It should be emphasized 
that the drag due to lift was computed by using the flat-wing minimum drag 
values as suggested in reference 5. 
of computation does not consider the shape of the drag polars. 
hi&er experimental values of drag could result from the presence of 
shocks on the wing and attendant flow separation as found in a similar 
investigation of a 74' swept cambered and twisted arrow wing (ref. 3 ) .  
The pitching-moment curves (fig. 6) show destabilizing breaks at lift 
coefficients near those for maxirmun lift-drag ratio; this gives a strong 
indication that a change in the expected loading is taking place on the 
wings. 
below the design lift coefficient of the wing showed no shocks and only 
minor flow separation at the trailing edge on the upper surface of the 
wing. 

It is pointed out that this method 
These 

The flow photographs (fig. 3) which were made at lift coefficients 

The cambered and twisted wing had higher values of maximum lift- 
drag ratio than did the flat wing up to a Mach number of approximately 
3.65, where the flat wing became more efficient (fig. 8). 

In general, both the wings showed the usual decrease in maximum 
lift-drag ratio with increasing Mach number. 
and 7.1 at M = 2.29 to 6.5 and 7.05 at M = 4.65 for the cambered wing 
and the flat wing, respectively. The values of for both wings 

(fig. 8) were lower than the values of 1 / C b  (~/CL, corresponds to 
the case of no leading-edge suction) up to a Mach number of approximately 

4.2, where - became greater than l/C&. Thus, both wings realized 

some so-called leading-edge suction below a Mach number of 4.2. 

The values went from 7.8 
dC6 
acL2 

aci 
acL2 
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A comparison of the cambered and twisted wings of the present inves- 
i tigation and of reference 1 is given in figurk. 9. 

design Mach number of 3.0 has an increment of about 1.0 in lift-drag 
ratio over the wing investigated in reference 1, and this favorable 
increment is probably due to the lower value of rninbum drag of the 80° 
wing. 
was decreased a d  the leading-edge sweep was increased for the present 
wing, apparently it is rather difficult to attain the linear-theory 
prediction for cambered and twisted wings of hi& maxixum lift-drag 

The 80° wing at the 

These results show that, although the design. lift coefficient 

L ratios at this time. 

The data at higher Reynolds numbers at a Mach number of 2.98 for 
the flat and cambered wings (fig. 10) do not show any unusual results. 
In figure 11, the maximum lift-drag ratio for the cambered and twisted 
wing increases about 0.5 to a value of 8.0 in a Reynolds number range 
from 5.0 x 10 to 16.1 x lo6, whereas that for the flat wing increases 
about 0.6 to a value of 7.7 in a Reynolds number range from 5.0 x 10 6 

6 to 14.9 x 10 . Since the shape of the drag polars is almost the same 
throughout the Reynolds number range for both wings, the drag due to 
lift does not change appreciably and the increments in lift-drag ratio 
due to increasing Reynolds number are directly attributed to the lower 
values of minimum drag at the higher Reynolds numbers. 

6 

Longitudinal Stability 

Examination of the pitching-moment curves (fig. 6) shows that the 
cambered and twisted wing develops positive pitching moments at zero 
lift coefficient throughout the Mach number range of the tests. This is 
a favorable effect, since for some static margin e.g., - 2 the wing 

could be made to trim exactly at the lift coefficient for 
Thus there would be no loss in 

( aCL ac ) 
(L/D)max. 

(L/D),, due to trimming the wing. 

With the moment reference centers at 0.474E, both wings had static 
at all Mach numbers of the tests except at (- z) longitudinal stability 

a Mach number of 4.65 where the static longitudinal stability - = 

became neutral for the cambered and twisted wing (fig. 8 ) .  
breaks in the pitching-moment curves occurred at low positive lift coef- 
ficients at all test Mach numbers (fig. 6). The pitching-moment curves 
for both wings at the higher Reynolds numbers (fig. 10) do not show any 
significant changes when compared with the data at a Reynolds number of 

(2 0)  
Destabilizing 

6 5.0 x io . 

L 
5 
6 
0 
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The aerodynamic-center location varied from 0.549c' to 0.474E for 
the cambered and twisted wing and from 0.554E to 0.516E for the flat 
wing between Mach numbers of 2.29 and 4.65. 

SUMMARY OF RESULTS 

Results of this investigation may be summarized as follows: 
Mach number of 2.98 and a Reynolds number of 5.0 x 10 , the experimental 
maximum lift-drag ratio for the cambered and twisted wing was 7.3 as 
compared with the theoretically predicted value of 9.1 for the design 
Mach number of 3.00. 
in lift-drag ratio over the flat wing at a Mach number of 2.98. The 
value of maxim lift-drag ratio at the design Mach number increased 
with increasing Reynolds number and reached a value of 8.0 at a Reynolds 

6 number of 16.1 x 10 . 

At a 
6 

The cambered and twisted wing showed a 0.4 increase 

Both wings with a moment center at 0.474E had static longitudinal 
stability near zero lift coefficient throughout the Mach number range, 
except at a Mach number of 4.65 where the cambered and twisted wing 
became neutrally stable. 

Langley Research Center, 
National Aeronautics and Space Administration, 

Langley Field, Va., August 11, 1959. 
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TABIX I.- GEOMETRIC CHARACTERISTICS OF THE MODELS 
L 

3 
Bodies: 

Length, in. - 
Fla t  arrow wing . . . . . . . . . . . . . . . . . . . . . .  
Cambered and twisted wing . . . . . . . . . . . . . . . . .  

Width of body on cambered and twisted Wing, in. . . . . . . .  
Fla t  arrow wing . . . . . . . . . . . . . . . . . . . . . .  
Cambered and twisted arrow wing 

Diameter of body on f l a t  wing, in. . . . . . . . . . . . . .  
Bse area, sq in.  - 

. . . . . . . . . . . . . .  
Wings : 

Area, s q f t  . . . . . . . . . . . . . . . . . . . . . . . . .  
Span, in. . . . . . . . . . . . . . . . . . . . . . . . . .  
Aspect r a t i o  . . . . . . . . . . . . . . . . . . . . . . . .  
T a p e r r a t i o . .  . . . . . . . . . . . . . . . . . . . . . . .  
Sweepback of leading edge, deg . . . . . . . . . . . . . . .  
Sweepback of t r a i l i n g  edge, deg . . . . . . . . . . . . . . .  
Mean aerodynamic chord, in.  . . . . . . . . . . . . . . . . .  

Longitudinal distance from nose . . . . . . . . . . . . . .  

Total length i n  streamwise direction, wing apex t o  
wing t i p ,  in. . . . . . . . . . . . . . . . . . . . . . .  

Mean-aerodynamic-chord location, in. - 
Lateral distance from body center l i n e  . . . . . . . . . .  

Theoretical root chord, in. 
Total length of wing, in. 

Notch rat io ,  . . . . . . . . .  

34.36 
33-86 
1.875 
1.374 

2.765 
2.390 

1.99 
17.632 
1.085 

0 
80.0 

63.37 

50.00 
21.67 

2.939 
16.67 
0.65 
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TRBLE 11.- ORDDJAlXS FOR 80° SWEPT ARROW WING WITH CAMBER AND TWIST 

[Ordinates are nondimensionalj positive directions are indicated 
by arrows in sketch] 

- Y  I-- - - 1 

r-2 R e f e r e n c e  
A x i s  

I = 0.05 
1 

0 
.00035 
.00071 
.OOI23 
.a3212 
,00353 
* 00@4 
.00661 
.00758 
.00811 
.00838 
.00855 
.a0873 
.00882 

I. Oh000 . OLOOO . oJJoo0 
.04000 
.Oh000 
-03990 
.03930 
.03790 
.03690 
.03620 
.03580 
.03560 
.03530 
.03 500 

0 .Ob227 
.04218 
.Oh208 . Ob96 
-0M-71 
,04127 
.Oh034 
.03846 
-03723 
.OM40 
.03592 
.03566 
-03532 
-03500 

0.03773 
.03782 

A3804 
.03829 
-03853 
.03826 
.03734 
.03657 
.03600 
.03568 - 03554 
.03528 
.03500 

-03792 

1 
.00071 

.00247 

.00423 

.00705 

.00987 

.G1322 

.01516 

.C1622 

.01675 

.01710 

.01746 

.01763 

. OOlW.  

.00106 

.00635 

.OG212 

.00370 

. Ul058 

.01481 

.01984 

.02275 - 02k33 

.02513 

.02566 

.G2618 
-02645 

X = 0.10 

0.03019 
.03045 
.03061 
.03084 
.03119 
.03138 
.03120 
.02960 
.02804 
.02687 
-02624 

.02536 

.o2520 

.025a8 

0.02314 
.023hl 
-02368 
.02396 
.02435 
.02471 
.02434 
.02215 
-02001 
.01856 
.Ol?80 
-01703 
.01647 
.01610 



TAX3 11.- ORDINATFS FOR 80' SWEPT ARROW WING WITH CAK%R AND TWIST - Continued 

0.G1300 O.OZi.07 
.01305 ,02098 
,61308 .02087 
.013Ll .02067 
.01305 .52013 
.01248 . 61863 . (2120 .G1619 
.(XI910 .~1226 
.W790 .00980 
.E680 .GO791 

. C0540 .GO584 
. G O 4 6 0  .GO495 
.00445 .00445 

.0062o .00690 

0 
.GOlu 
.002e 2 
.00494 
-038k6 
.Olhll 
.01975 
.026L5 
.03033 
.03 241~ 
-03350 
.03421 
.03491 
.03527 

0.00493 
.00512 
.00529 
.W$5 
.GO597 
.00633 
.00621 
.0059L 
.00600 
.00569 

. GO496 

.GO465 

.GO445 

.00550 

0.G2350 0.63036 
.02355 .G3(328 
.C2360 .03015 
.023;5 .02978 
.023& ,02930 
.02370 .G2798 

.01755 .01978 

.01445 .01575 

.C1250 .G1326 

.Gll40 -01187 

.GlO75 .01103 

.G1000 . G l O l O  

.GO952 ,00952 

.02170 .e2539 

0.01664 
.C1682 
.G1705 
-01732 
.01770 
.01642 

.G1532 

.01315 

.G1174 
-01093 
.01047 
.:IO990 
-0952  

.01801 

x, = G.30 I 

0 0,01800 
,00176 . G l & O L  
.0035j .OLC10 
.GO617 .3llel5 
.01058 .OlOlS 
.01763 .a760 
,02469 .01f85 
.03306 .01250 
.03791 .01020 
.Cr4056 ,00860 

.01;276 ,00705 
-ow64 .OO64O 
.3!.iko~ ,00600 

. O ) J 8 . 3  .00780 

0 
.00212 

0.02569 0.01031 
.02556 .01052 
.02#4h .Gl076 
.e2521 .G1169 
.02468 .01162 
.02318 .(I1202 
-02025 .01145 
.G1523 .00977 
.01178 .00862 
.00953 .00767 

. .00739 .00671 
.OG650 -00630 
.GO600 .GO6CO 

-00839 -00721 

.01270 
,02116 
.02962 
.63967 
.04549 . 04867 
.os025 
,05131 . 05237 
.OS290 

0 
.GO247 
.00@4 
.00864 
.01461 
.02469 
.03456 
.Oh629 
.05307 
.OS678 
.Os863 
.Gs986 . G 6110 
,06171 

0 .GO725 
.GO725 
.00725 
.GO725 . GO725 
.00725 
.GO725 
.00725 
.GO725 
.GO710 
.GO670 
.GO631 
.0056 5 
.GO504 

E =  0.35 
1 

0. G l g 2  
.G15;23 
.01513 
.01496 
.Ol461 
.01?81 
.01268 
,01082 
.GO942 
.00838 
.00753 
.00682 
.00582 
.00#04 

-0.00082 -. 00073 
-.00063 
-.00046 
-.00011 

.00069 

.00182 

.00368 

.GO508 

.G0';82 

.00';87 . OOq80 

.00<48 

.GGSOL 
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0 
-00353 
.00705 
,01234 
.01587 
-02116 
-02821 
-03527 
-04232 
.Oh937 
-05731 
.06612 
.07229 
.07582 
.07935 
,08111 
.08287 
.Crt?376 
.08552 
.08640 
.08816 

TABIE 11.- ORDINATES FOR 80’ SWEPT ARROW WING WITH CAMEIER AND TWIST - Continued 

-0.00970 4.QQ.346 -. 00956 -.00364 
-.00950 -.00346 
-.00920 ~ -.00300 
-.00895 -.00266 
-.00847 -.OW10 
-e00745 -.00104 
-e00530 .00105 
-.GO250 .J0365 

.00050 ,00633 

.00421 .J0947 
,00784 .‘31216 
.00936 ,01280 
.00983 .01266 . GO993 .01206 
.00983 . 0 l l j 8  
.00956 .dl091 
.GO935 .$lo48 
.GO882 .go952 
.00840 .00800 
.00706 .00706 

5 = 0.40 I 
) 

.00282 
.00564 
.00987 
.01693 
.02821 
.O3950 . G5290 
.06066 
,6489  
.06700 
.06841 
.Ob983 
.G7053 

1 
. GC317 
,00635 
, . Gllll . 61904 
.G3174 - 04443 
.G;951 
.06824 
.07300 
-07538 
.07697 
.07855 
.07935 

c 

O.OC170 
.00160 . GO155 
.00155 . ~ 0 1 6 5  

.oo4oo . 00655 

. 0 0760 

.00245 

. GO806 

.00801 

. GO716 

.006U 
,00573 

0.00939 
.00926 
.00919 
.00910 
00898 

.00917 
-00973 
.01046 
.01048 
.00945 
.00852 
.00773 
.00659 
.00573 

7 = 0.45 
L 

.o .00400 -. 00400 -. e0395 
-.00390 
-.00350 
-.GO175 

,00190 . GO722 
.GO896 
,00893 . oil648 
.GO799 . ~0716 
. GO640 

0.00286 
.0029 8 
.GO307 . m316 
.00352 . ~ ~ 4 9 1  
.GO777 
.On3 8 
.GllS9 
-01 053 
.GO951 
.00862 
.00738 . GO640 

-0.00599 - -00606 -. 00609 - .00600 -. 00568 
- e  00427 - .00173 

.00264 

.GO562 

.GO657 

.GO668 

.00659 . 0 0623 . GO573 

-0.01086 
-e01098 -. 01097 -. 01096 -. 01052 -. 00841 
-.GO397 

.00306 
00633 

-00733 . GO745 
.GO736 
.GO694 . GO640 

0 
.00388 
.00776 
.013 58 
.01746 
.02328 
.03103 
.O3879 
,011655 
.OS431 
.06304 
.a7273 
.07952 
-08340 
.G8728 
.O8922 
.0?116 
.09213 
.e9407 
,04504 
.09698 

k 
7. 

0.  01530 
-.0151; 
-.01500 - -01462 
- 01430 
-.01352 
-.Oll80 
-.00060 -. 00450 
-.0.3015 

.0044l 

.00843 . OlOI.4 

.01067 
,01081 
.01072 
.01043 
.01020 
.00963 
.009lS . 00771 

= 0.55 

-0.01109 
-.01369 
-e 01030 
-.&I961 
-.00911 
-.00910 
-.00617 
-a 00 28 14 

.00125 

.00543 

.go960 

.01282 

. O U T 1  

.01363 

.01309 

.01260 
,01189 
. O l l L L  
.OlO39 
,00970 
.a0771 

-0.01546 
-.01;4~ -. 01554 -. O l s L O  
--01524 -. 01484 
- e  91386 
-.oil65 -. 00865 

-.00105 
-.00533 

.003 52 
,00592 
.00700 . Oil780 
.OS308 
.00821 
.00822 . m812 
.00800 
.&I706 

-0.019#1 
-.01961 
-.01970 - -01963 -. 01949 -. 01894 - 01743 
-e01436 -. 01025 -. a 5 7 3  

.00404 

.0<)657 

.00768 

.008 53 
,00884 
.0:1097 
.Oi)896 
.GO887 
.00866 
.00771 

- 00078 
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TAJ3T.E 11.- ORDINmS FOR 80' SWEPT ARROW WING WITH CAMBIZR AND TWIST - Continued 

"c "E 3 
L 2 z 

f = 0.60 
L 

-0 092150 
-oC)2ll5 
-a92065 
-091980 
-091900 
-e01770 
-091510 
- 0  9112 8 
-030625 
-e90078 

m9O458 
*OQ8?8 
01089 

* 011.49 
00llh7 
311 56 
e91128 
0l.I 03 

oO19L2 
*00994 
e 90835 

$ = 0.45 

-0 ~12745 
-*O2745 - 9273 9 
-002707 
-002660 
-002536 
4 2 2 4 2  
-001759 
- .91172 
-em547 

*00021 
090534 
.0080l 
090919 
001304 
.91035 
o 91047 
010L7 

o 01033 
o 91009 
-90898 

X_ 0.70 
1 

-0.02825 
-e02668 
roo2106 
-0 013 85 
-*90549 

090200 
e00855 
-91377 
-01572 
001609 
e01581 
*91538 
01464 

.01412 
001354 
a01291 
-01207 
001109 
000960 

I 1 

5 = 0.75 
1 

-0 0 02 825 
-002762 
-092374 
-0 Dl 815 
-.oiii9 
-090480 

00009 9 
000619 
.00886 
.01001 
e01085 
001114 
.!I1124 
.01120 
001114 
.0llOS 
001079 
001043 
090960 
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TABU 11.- ORDINA!I!ES FOR 80° SWEPT ARROW WD?G WITH CAMHER AND TWIST - Concluded 

X 
T = o.ec 
b 

-0 *0043S -. 00216 
.cob81 
001084 
oC1358 
oCl452 . OlL?O . ~ 1 ~ 8 7  
O1h 53 

e01423 
.01388 
eCl348 
.e1268 
.01212 
eClO87 

f = 0.85 

-0 (2043 5 
.OC)248 
0~338 

e00853 
.01102 
.01202 
01266 

.@1286 

.@128b 

.01274 

.a262 
0 012so 
.e1218 
001175 
C10 87 

4 = 0.90 

0.01355 

0167 8 

e01768 

-01587 

011 98 

0 . 1511 il 
254l.l 
-1.5746 
.15?111 
a6061 
1.62 49 

.I 641 6 . lt5j8b 
-16751 

X I - = 1.00 
1 

0 eC1700 

-01629 
01587 

*O1545 
*915@1 
ocl44l 
41373 
.01255 

.c1688 

0.01311 0.~1311 1 
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(b) Cambered and twisted wing. 

Figure 2.- Concluded. 
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(a) M = 2.29; CL = 0.065. 
L-59 -5047 

(b) M = 2.98; CL = 0.036. 
iy Figure 3 .  - Flow studies on 80' swept cambered and twisted arrow wing i n  

which oil-film technique w a s  utilized. Transition fixed; 
6 

6 R = 3.0 x 10 . 
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Figure 4.- Variation of base drag coefficient with angle of attack for 
6 R = 5.0 x 10 . the 80' swept arrow wings at 
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(a) M = 2.29. 
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sl 

Figure 6. - Longitudinal aerodynamic characteristics of 80° swept arrow 
wings at R = 3.0 x 10 6 . 
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(a) Concluded. 

Figure 6. - Continued. 
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(b) M = 2.98. 

Figure 6.- Continued. 
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(b)  Concluded. 

Figure 6. - Continued. 



(e)  M = 3.96. 

Figure 6.- Continued. 
xr 
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( c ) Concluded. 

Figure 6. - Continued. 



(d) M = 4.63. 

Figure 6.- Continued. 



(a) Concluded. 
Figure 6.- Concluded. 
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Figure 7.- Comparison of theoretical and experimental longitudinal aero- 
dynamic characteristics at M = 2.98 and R = 5.0 x 10 . 6 
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Figure 8.- Summary of the longitudinal aerodynamic characteristics for 
the 80° swept arrow wings. 



34 

+J 
c 
a, 
E .- 
L O O  
a, 
e 
x 
W 

cd 
E 

n 
0 
\ 
J 
U 

c 
f 

D I  

h 

k 
0 

8 

8 

m 
d 
k 
cd 
PI 

V 



35 

(a) Flat wing. 

0 

Figure 10.- Longitudinal aerodynamic characteristics at several Reynolds 
numbers for the 80° swept arrow wings at M = 2.98. 
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(a) Concluded. 
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Figure 10.- Continued. 
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(b) Cambered and twisted wing. 

Figure 10. - Continued. 
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(b) Concluded. 

Figure 10.- Concluded. 
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Reynolds  number, R 

Figure 11.- Variation of (LID),, and C i , . n  with Reynolds numbers 
for the 80° swept arrow wings at M = 2.98. 
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